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1
PATTERN FORMATION METHOD

BACKGROUND OF THE INVENTION

The present invention relates to a pattern formation
method for use 1 fabrication process for a semiconductor
integrated circuit.

In accordance with the increased degree of integration of
semiconductor integrated circuits and downsizing of semi-
conductor devices, there are increasing demands for further
rapid development of lithography technique.

Currently, pattern formation 1s carried out through pho-
tolithography using exposing light of a mercury lamp, KrF
excimer laser, ArF excimer laser or the like, and exposure
systems are earnestly being developed in reducing the
wavelength of exposing light and 1n increasing the NA
(numerical aperture) of a demagmification projection lens.

In accordance with such development of the exposure
systems, 1t 1s necessary to further improve the accuracy of
the optical system, and a problem of unnecessary exposure
caused by leakage light (flare) other than light necessary for
the exposure has become more serious as a pattern to be
formed 1s finer.

Now, a conventional pattern formation method will be
described with reference to FIGS. 3A through 3D.

First, a chemically amplified resist material having the
following composition 1s prepared:

Base polymer: poly((methoxymethyl acrylate) - (y-butyrolactone 2 g
methacrylate)) (wherein methoxymethyl acrylate:y-butyrolactone
methacrylate = 35 mol %:65 mol %)

Acid generator: succinimide benzene sulfonate 0.04 g
Solvent: propylene glycol monomethyl ether acetate 20 g

Next, as shown 1 FIG. 3A, the chemically amplified
resist material having the aforementioned composition 1s
applied on a substrate 1, so as to form a resist film 2 with a
thickness of 0.3 um. Thereafter, as shown in FIG. 3B, the
resist film 2 1s subjected to pattern exposure by irradiating
with ArF excimer laser 3 through a photomask 4.

Then, as shown 1n FIG. 3C, the substrate 1 1s annealed
with a hot plate at a temperature of 100° C. for 60 seconds.
Thus, an exposed portion 2a of the resist film 2 becomes
soluble 1n an alkaline developer because an acid 1s generated
from the acid generator therein while an unexposed portion
2b of the resist film 2 remains to be insoluble 1 an alkaline
developer because no acid 1s generated from the acid gen-
erator therein.

Subsequently, the resist film 2 1s developed with a 2.38 wt
% tetramethylammonium hydroxide developer (alkaline
developer). Thus, a resist pattern 5 made of the unexposed
portion 256 of the resist film 2 1s obtained.

As shown 1n FIG. 3D, however, the resist pattern 5 1s 1n
a defective cross-sectional shape. When such a defective
resist pattern 5 1s used as a mask for etching a target film, the
resultant pattern 1s also 1n a defective shape, which lowers
the yield in the semiconductor fabrication process.

SUMMARY OF THE INVENTION

In consideration of the aforementioned conventional
problem, an object of the invention 1s forming a resist
pattern in a good shape.

In order to achieve the object, the present mnventors have
studied the cause of the defective cross-sectional shape of

5

10

15

20

25

30

35

40

45

50

55

60

65

2

the conventional resist pattern. As a result, 1t has been found
that the resist pattern 1s 1n the defective shape because the
acid 1s generated from the acid generator 1 a peripheral
portion of the unexposed portion due to flare of exposing
light reaching the unexposed portion of the resist film. The
present invention was devised on the basis of the finding,
and according to the invention, the surface of a resist film 1s
made 1nsoluble 1n a developer previous to pattern exposure.

The pattern formation method of this mvention includes
the steps of forming a resist film from a positive chemically
amplified resist material, performing an insolubilization
treatment for making a surface of the resist film insoluble 1n
a developer; performing pattern exposure by selectively
irradiating the resist film with exposing light after the
insolubilization treatment; and forming a resist pattern made
ol an unexposed portion of the resist film by developing the
resist film after the pattern exposure.

In the pattern formation method of this invention, the
pattern exposure and the development are carried out after
making the surface of the resist film 1nsoluble 1 the devel-
oper, and therefore, the surface of the resist film 1s minimally
dissolved in the developer. Accordingly, even when an acid
1s generated 1in an unexposed portion of the resist film
because 1t 1s 1rradiated with flare during the pattern expo-
sure, the unexposed portion of the resist film 1s minimally
dissolved 1n the developer. As a result, a resist pattern made
of the unexposed portion of the resist film can be formed 1n
a good shape.

In the pattern formation method of this invention, the
insolubilization treatment preferably includes a step of
exposing the surface of the resist film to an alkaline aqueous
solution.

Thus, the surface of the resist film can be definitely made
insoluble 1n the developer.

In this case, the alkaline aqueous solution can be a
tetramethylammonium hydroxide agqueous solution or a cho-
line aqueous solution.

In the pattern formation method of this invention, the
insolubilization treatment preferably includes a step of
exposing the surface of the resist film to plasma.

Thus, the surface of the resist film can be definitely made
insoluble 1n the developer.

In this case, the plasma can be derived from a gas
including fluorine or a gas including chlorine.

In the pattern formation method of this invention, a
protection ratio that 1s a ratio of a polymer protected by a
protecting group in a whole alkali-soluble polymer included
in the chemically amplified resist material 1s preferably 50%
Or more.

Thus, 50% or more of the alkali-soluble polymer 1n the
unexposed portion of the resist film 1s protected by the
protecting group, and hence, the unexposed portion of the
resist film 1s minimally dissolved 1n the developer. Accord-
ingly, intluence of the flare on the unexposed portion of the
resist film can be reduced.

In this case, the protecting group can be a t-butyl group,
a t-butyloxycarbonyl group or an adamantyl group.

In the pattern formation method of this invention, an acid
generator included 1n the chemically amplified resist mate-
rial 1s preferably an onium salt.

Thus, 1n the case where the unexposed portion of the resist
f1lm 1s 1rradiated with the flare, the amount of acid generated
from the omium salt 1n the unexposed portion of the resist
film 1s comparatively small, and hence, the intfluence of the
flare on the unexposed portion of the resist film can be
reduced.
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In this case, the onium salt can be triphenylsulfonium
tritluoromethanesulionate or triphenylsulfonium nonatiuo-
robutanesulionate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A, 1B, 1C, 1D and 1E are cross-sectional views

for showing procedures 1 a pattern formation method
according to Embodiment 1 of the invention;

FIGS. 2A, 2B, 2C, 2D and 2E are cross-sectional views
for showing procedures 1 a pattern formation method
according to Embodiment 2 of the invention; and

FIGS. 3A, 3B, 3C and 3D are cross-sectional views for
showing procedures 1 a conventional pattern formation
method.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Embodiment 1

A pattern formation method according to Embodiment 1
of the invention will now be described with reference to

FIGS. 1A through 1E.
First, a chemically amplified resist material having the

following composition 1s prepared:

Base polymer: poly((2-methyl-2-adamantyl acrylate) - (y- 2 g
butyrolactone methacrylate)) (wherein 2-methyl-2-adamantyl
acrylate:y-butyrolactone methacrylate = 60 mol %:40 mol %)
Acid generator: triphenylsulfonium triflate 0.04 g
Solvent: propylene glycol monomethyl ether acetate 20 g

Next, as shown 1n FIG. 1A, the atforementioned chemi-
cally amplified resist material 1s applied on a substrate 10, so
as to form a resist film 11 with a thickness of 0.3 um.
Thereatfter, as shown i FIG. 1B, a plasma treatment 1is
carried out by exposing the resist film 11 to plasma 12
dertved from a CHF, gas for 10 seconds under conditions of
1.33 Pa and 50 W. Through this plasma treatment, an
insoluble layer 11a 1s formed 1n a surface portion of the
resist film 11.

After the plasma treatment, as shown 1in FIG. 1C, the
resist film 11 1s subjected to pattern exposure by 1rradiating,
with ArF excimer laser 13 through a photomask 14. After the
pattern exposure, as shown in FIG. 1D, the resist film 11 1s
annealed with a hot plate at a temperature of 100° C. for 60
seconds. Thus, an exposed portion 115 of the resist film 11
becomes soluble 1n an alkaline developer because an acid 1s
generated from the acid generator therein while an unex-
posed portion 1lc of the resist film 11 remains to be
insoluble 1 an alkaline developer because no acid 1s gen-
crated from the acid generator therein.

Next, the resist film 11 1s developed with a 2.38 wt %
tetramethylammonium hydroxide developer (alkaline devel-
oper). Thus, as shown 1n FIG. 1E, a resist pattern 15 with a
line width of 0.11 um made of the unexposed portion 11¢ of
the resist film 11 can be obtained.

According to Embodiment 1, the pattern exposure and the
development are carried out after making the surface of the
resist {illm 11 insoluble 1n the developer by exposing the
resist {ilm 11 to the plasma 12, and therefore, the surface of
the resist film 11 1s minimally dissolved 1n the developer.
Accordingly, even when the unexposed portion 11c¢ of the
resist film 11 1s 1rradiated with the flare during the pattern
exposure and the acid 1s generated therein, the unexposed
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portion 11c¢ of the resist film 11 1s mimimally dissolved 1n the
developer. As a result, the resist pattern 15 made of the
unexposed portion 11¢ of the resist film 11 can be formed 1n
a good shape.

Also mn Embodiment 1, a protection ratio, that 1s, a ratio
of a polymer protected by a protecting group 1n a whole
alkali-soluble polymer included 1n the chemically amplified
resist material, 1s 50% or more and specifically 60%. There-
fore, the unexposed portion 11c of the resist film 11 1s
minimally dissolved 1n the developer, and hence, the intlu-
ence of the flare on the unexposed portion 11c¢ of the resist
film 11 can be reduced. In this case, the protecting group
may be, for example, a t-butyl group, a t-butyloxycarbonyl
group, an adamantyl group or the like.

Furthermore, since the acid generator included in the
chemically amplified resist material 1s an onium salt 1n
Embodiment 1, the amount of acid generated from the
onium salt 1n the unexposed portion 11c¢ of the resist film 11
1s comparatively small. Therefore, in the case where the
unexposed portion 11c¢ of the resist film 11 1s irradiated with
the tlare, the influence of the flare on the unexposed portion
11¢ of the resist film 11 can be reduced. In this case, the
onium salt may be triphenylsulfonium trifluoromethane-
sulfonate or triphenylsulfonium nonafluorobutanesulfonate.

Although CHF; 15 used as the plasma seed 1n Embodiment
1, it may be replaced with another plasma seed including
fluorine, such as CH,F,, CH,F, CF,, C,F, or C,F,, or
including chlorine, such as CHCIl;, CH,Cl,, CH,Cl, CCl,,
C,Cl, or C,Cl,, which does not limit the invention.

Embodiment 2

A pattern formation method according to Embodiment 2
of the invention will now be described with reference to

FIGS. 2A through 2F.

First, a chemically amplified resist material having the
following composition 1s prepared:

Base polymer: poly((methoxymethyl acrylate) - (y-butyrolactone 2 g
methacrylate)) (wherein methoxymethyl acrylate:y-butyrolactone
methacrylate = 65 mol %:35 mol %o)

Acid generator: succinimide benzene sulfonate 0.04 g
Solvent: propylene glycol monomethyl ether acetate 20 g

Next, as shown 1n FIG. 2A, the aforementioned chemi-
cally amplified resist material 1s applied on a substrate 20, so
as to form a resist film 21 with a thickness of 0.3 um.
Thereafter, as shown in FIG. 2B, an alkaline aqueous
solution 22 of, for example, a 1.0 wt % tetramethylammo-
nium hydroxide aqueous solution 1s supplied onto the sur-
face of the resist film 21 for 60 seconds. Through this
treatment with the alkaline aqueous solution 22, an insoluble
layer 21a 1s formed 1n a surface portion of the resist film 21.

After the treatment with the alkaline aqueous solution 22,
as shown 1n FIG. 2C, the resist film 21 1s subjected to pattern
exposure by irradiating with ArF excimer laser 23 through a
photomask 24. After the pattern exposure, as shown 1n FIG.
2D, the resist film 21 1s annealed with a hot plate at a
temperature of 100° C. for 60 seconds. Thus, an exposed
portion 215 of the resist film 21 becomes soluble 1 an
alkaline developer because an acid 1s generated from the
acid generator therein while an unexposed portion 21¢ of the
resist film 21 remains to be msoluble in an alkaline devel-
oper because no acid 1s generated from the acid generator
therein.
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Next, the resist film 21 1s developed with a 2.38 wt %
tetramethylammonium hydroxide developer (alkaline devel-
oper). Thus, as shown 1n FIG. 2E, a resist pattern 25 with a
line width of 0.11 um made of the unexposed portion 21c of
the resist film 21 can be obtained.

According to Embodiment 2, the pattern exposure and the
development are carried out after making the surface of the
resist film 21 insoluble 1n the developer by supplying the
alkaline aqueous solution 22 onto the surface of the resist
film 21, and therefore, the surface of the resist film 21 1s
mimmally dissolved in the developer. Accordingly, even
when the unexposed portion 21c¢ of the resist film 21 1s
irradiated with the flare during the pattern exposure and the
acid 1s generated therein, the unexposed portion 21¢ of the
resist film 21 1s miimally dissolved 1n the developer. As a
result, the resist pattern 25 made of the unexposed portion
21c of the resist film 21 can be formed 1n a good shape.

Also 1n Embodiment 2, a protection ratio, that 1s, a ratio
of a polymer protected by a protecting group 1n a whole
alkali-soluble polymer included 1n the chemically amplified
resist material, 1s 50% or more and specifically 65%. There-
fore, the unexposed portion 21c¢ of the resist film 21 1s
mimmally dissolved 1n the developer, and hence, the 1ntlu-
ence of the flare on the unexposed portion 21¢ of the resist
film 21 can be reduced. In this case, the protecting group
may be, for example, a t-butyl group, a t-butyloxycarbonyl
group, an adamantyl group or the like.

Although the tetramethylammonium hydroxide aqueous
solution 1s used as the alkaline aqueous solution 1n Embodi-
ment 2, a choline aqueous solution may be used instead.

What 1s claimed 1s:

1. A pattern formation method comprising the steps of:

(a) forming a resist film from a positive chemically

amplified resist material;

(b) performing an 1nsolubilization treatment for making a

surface of said resist film isoluble 1n a developer;

(c) performing pattern exposure by selectively 1rradiating

said resist film with exposing light after the 1msolubi-
lization treatment; and
(d) annealing said resist film after the pattern exposure;
(¢) forming a resist pattern made of an unexposed portion
of said resist film by developing said resist film after
step (d),

wherein the insolubilization treatment includes a step of
exposing the surface of said resist film to an alkaline
aqueous solution, and
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said alkaline aqueous solution 1s a tetramethylammonium
hydroxide aqueous solution or a choline aqueous solu-
tion.

2. A pattern formation method comprising the steps of:

(a) forming a resist film from a positive chemically
amplified resist matenal;

(b) performing an 1nsolubilization treatment for making a
surface of said resist film isoluble 1n a developer;

(¢) performing pattern exposure by selectively 1rradiating
said resist film with exposing light after the 1nsolubi-
lization treatment; and

(d) annealing said resist film after the pattern exposure;
and

(¢) forming a resist pattern made of an unexposed portion
of said resist film by developing said resist film after

step (d),

wherein the insolubilization treatment includes a step of
exposing the surface of said resist film to plasma.

3. The pattern formation method of claim 2,

wherein said plasma 1s dertved from a gas including
fluorine or a gas including chlorine.

4. A pattern formation method comprising the steps of:

(a) forming a resist film from a positive chemically
amplified resist material;

(b) performing an 1nsolubilization treatment for making a
surface of said resist film isoluble in a developer;

(¢) performing pattern exposure by selectively 1rradiating
said resist film with exposing light after the 1nsolubi-
lization treatment; and

(d) annealing said resist film after the pattern exposure;
and

(e) forming a resist pattern made of an unexposed portion
of said resist film by developing said resist film after

step (d),

wherein an acid generator included 1n said chemically
amplified resist material 1s an onium salt, and

said onium salt 1s triphenylsulfomum trifluoromethane-

sulfonate or triphenylsulfommum nonafluorobutane-
sulfonate.
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